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1.0

2.0

3.0

4.0

SCOPE AND APPLICATION

Thisstandard operating procedure (SOP) describesthe operation, maintenance, and functional test proceduresof
the Ohio Lumex Company, Inc., Model RA-915" Mercury Analyzer for the determination of mercury vapor in
ambient air. Refer to the Lumex RA-915" User's Manual for detailed operating procedures.

The Lumex RA-915" is applicable for screening ambient and indoor air for mercury in units of nanograms of
mercury per cubic meter of air (ng Hg/m®). This instrument may be used to quantify mercury levels for site
assessment as well as health and safety surveys.

METHOD SUMMARY

TheRA-915" isbattery operated and the operating principleisbased on the effect of differential Zeeman atomic
absorption spectrometry combined with high-frequency modulation of polarized light.

Theradiation source (mercury lamp) ispositioned inapermanent magneticfield. Theresonance mercury lineat
[254 nanometers(nm)] issplitinto three polarized Zeeman components: T, 0., and o respectively). Whenradiation
isobserved alongthemagnetic field lines, only the o component radiationisregistered. One o componentiswithin
themercury absorptionlineenvelopeand theother isoutsideit. Intheabsence of mercury vapor, theintensity of
both o componentsisequal. Mercury atomscauseaproportional, concentration-rel ated differenceintheintensity
of theo components. A polarization modulator isused to separatethe o componentsintime. Becausethe spectral
shift of the 0 componentsis significantly smaller than the width of molecular absorption bands and scattering
spectra, the background absorption caused by interfering components generally does not affect the analyzer
measurement. A multi-path cell with an effective length of 10 meters (m) is used to enhance the sensitivity of
analysis.

SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE
This section is not applicable to this SOP.
INTERFERENCES AND POTENTIAL PROBLEMS

Never expose the analyzer to metallic mercury! Any direct contact of any part of the instrument with metallic
mercury will resultin high background noisefor aprol onged period of time. Avoidlongoperationwiththemulti-
path cell in areas with high mercury vapor concentration (higher than 10,000 ng/m®). Use the HIGH
CONCENTRATIONS measuring mode for these cases. Unknown interferences due to the presence of other
contaminants may adversely affect mercury vapor measurement results.

Whiletaking measurementsof mercury concentrationsinambient air, observebasi ¢ safety regul ationsdealingwith
mercury and its compounds, mercury-filled devices, and operating codes and safety regulations for electrical
installations.
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Thebasic RA-915+ anayzer isnotintrinsically safe and should not be operated in an explosiveatmosphere. Refer
to the RA-915+ User's Manual for additional safety guidelines.

Only personndl trained in the use of this analyzer is authorized to take measurements and process their results.
5.0 EQUIPMENT/APPARATUS

The following equipment is required for the operation of the Lumex RA-915" Mercury Analyzer:

. Base unit

. Display and control unit

. Removable air intake hose with pre-filter

. Display unit connector cable

. Power supply unit, for alternating current (AC) operation and battery charging
. Spare parts and accessories kit

. User’'s Manual

. Canvas shoulder bag

The analyzer may also be controlled and operated using a computer and interface cable (Section 7.7).
6.0 REAGENTS

This section is not applicable to this SOP.
7.0 PROCEDURES

7.1 Instrument Controls and Power Source

7.1.1  Front Wall - Base Unit

. Inlet 1 opening (containing a dust filter)
for ambient air into the multi-path cell;

. Inlet 2 opening (containing a built-in absorption filter)
for ambient air into the multi-path cell; A
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7.15

7.1.6

. Outlet opening for the multi-path cell; v

. Analyzer power switch;

. Main power supply connector;

. Ignition button for the spectral lamp (LAMP IGNITION); and

. Light diodes indicating built-in battery status. charged or discharged

Back Wall - Base Unit

. Auxiliary compartment containing thesingle-path analytical cell, to beused withthe
RP-9lattachment for determining mercury in solutions, and for HIGH
CONCENTRATION mode;

. Retainer screw for mounting attachments;
. Handlefor optical bridgethree position switch providinglight path through different
analytical cells:

position I: external analytical cell
(to be used with the RP-91C attachment to determine mercury in solid samples)
position I1: single-path cell
(auxiliary compartment)
position I11: multi-path cell
Rear Left Side Wall - Base Unit
. TEST handlefor positioning thetest cell when checking analyzer serviceability. The
OFF position meansthat thetest cell hasbeentaken out of theoptical path, while ON
meansthat thetest cell isin the optical path.
Rear Right Side Wall - Base Unit
. Opening for attaching the RP-91C optical block
Top Wall - Base Unit
. RS 232 connector for the display and control unit or a computer interface cable

Power Source

The power source may be selected as summarized in the following table:



E O

Response Engineering and Analytical Contract

STANDARD OPERATING PROCEDURES

SOP: 1729
PAGE: 6 of 21
REV: 0.0

DATE: 08/20/04
OPERATION OF THE LUMEX RA-915" ANALYZER FOR MEASURING
MERCURY VAPOR CONCENTRATIONSIN AMBIENT AIR

POWER | Outer Battery Indicator OPERATING MODE
(toggle) Power
Source | Charged Discharged

OFF ON Analyzer is off
Built-in Battery is charging
OFF OFF Flashes Operation from built-in battery
ON OFF OFF ON Built-in battery is discharged
ON Flashes OFF Operation from AC 110 V mains

and built-in battery is charging

ON ON OFF Operation from AC 110 V mains

The frequency of flashes and duration between flashes of the front panel "charged" /
"discharged” indicatorsrepresent battery power status. Whileworking withmainssupply, the
morethebattery ischarged, thelonger theflash durationfor the" charged” indicator lamp. With
battery power, the more the battery is discharged the longer the flash duration for the
"discharged" indicator lamp.

If only the battery needsto berecharged (no measurementsneed to betaken), do not switch the
mercury lamp on. Torechargethebattery under these conditions, connect the charging unit and
shut the POWER switch OFF. Recharging timefor acompletely discharged battery is5 hours.
No indicator lamps will flash or light on the panel. The green light will stay ON when the
battery is fully charged and the power switch isturned back to the ON position.

Overcharging doesnot causeany lossof battery performance. A fully charged battery provides
continuousoperationfor approximately 3.5 hours. Chargethebattery onatimely basis. Store
the unit with the battery fully charged. Storage of afully discharged battery for 3 days may
permanently damaged the battery.

7.2 Entering PARAMETERS

A backlit display ismounted onthetop of thedisplay unit face panel toindicate signals, parametersand
operationmodes. UsetheEnt, Esc, -, 1, -, | buttonsto sel ect the measurement modesand parameters.

* MAIN MENU
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7.3

SETTINGS

ON STREAM

ONTIME

TEST

HIGH CONC.

SETTINGSmode (parameterssettings). Changethelanguageif desired. Therangesfor operationmode
parametersand their default valuesare showninthetablebelow. Usethedefault valuesor set parameters
according to site conditions and requirements. After setting parameters, pressthe Esc button to save

parameter values or to restore the defaults.

PARAMETERS Designation Range Default Value
Base correction time, sec  (zero) Lero 1-255 20
Frame time, sec tceum 10- 255 10
Integration time, sec i 1-255 150
Low Limit, ng/m® LL 1-255 20
High Limit, ng/m? HL 1 - 10000 100

Pre-Operational Checks

Thefollowing checksmust be performed prior to the operation of theRA-915* analyzer for determining

concentrations of mercury in ambient air:

1 Conduct a visua inspection of the analyzer's component parts. Check to ensure that all
components are present and for any signs of external damage to RA-915" components.

2. Place the analyzer in an up-right (vertical) position. The display unit is on top.

3. Install the display and control unit directly in the base unit or use a cable to connect it.

4. Set the TEST cell control handle to the OFF position.
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7.4

5. Settheoptical bridgeswitchinghandleto position|11 (light passesthroughthe multi-path cell).

6. Switchthe RA-915" analyzer on. Thedisplay and control unit then showsthe manufacturer's
trademark.

7. Pressthe Ent button ontheindication and control unit. Thedisplay highlightsMAIN MENU.

8. Pressand hold for several secondstheLAMPIGNITION buttononthefront panel. Whenthe
lamp switches on, the "*" in the top left-hand corner of the display disappears.

9. Wait at least 20 minutes for the analyzer to warm up after switching it on.

TEST Mode

After performing the pre-operational checksand allowingtheinstrument to stabilize, usethe TEST mode
toverify that theanal yzer isreading the correct mercury concentrationinthetest cell. Thistest must be
performed at least once per day and the results must be documented.

1 Set the TEST handle to the OFF position.

2. Select the analyzer serviceability control mode (TEST) and pressthe Ent button. The SET
OPTICAL BRIDGE TO POSITION Il message will be displayed.

3. Set theoptical bridgeto position |11 and pressthe Ent button. Thisswitchesthecompressor on,
and the zero signal is measured during the t,,, time.

4. Theanalyzer then switchesover to themodefor theintroduction of thetest cell and thedisplay
shows the message Enter Test Cell.
5. Set thetest cell selector handle (TEST) tothe ON position, wait 10to 20 seconds, and pressthe

Ent button. The following is displayed:

TT
s 1000
S 1200
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S 1100

R(%) = 10 20

where:

S=Current valueinng/m®, whichisproportional tothemercury concentrationin the
test cell

S, = Calculated value corresponding to test cell temperature (Appendix C)

S =Meanvaue, whichisthemean mercury vapor concentration determined during the
accumulation time, t,.,m

%R = Percent rel ativedeviation for themeasured valuesS comparedto the S, value
according to %R= 100*(S - S) / S,

20 = Countdown time in seconds fromt,.,, to O

Thewarning message, Temperature, isdisplayed if thetemperature of thetest cell isbeyond the
range for proper operation of the analyzer.

6. If the %R of the measured value S, fromthe expected valueislessthan (<) 25%, the RA-915°
analyzer isready for operation. If itisoutsidethiscriterion, refer to Appendix B for maintenance
information.

7. To quit the TEST mode, pressthe Esc button; the analyzer switchesto the standby modefor

removal of thetest cell. Thedisplay showsthemessageRemoveTest Cell. Remove thetest cell
(handleto OFF position) and pressthe Ent button. Theanalyzer switchestotheMAIN MENU.

75 ON STREAM (Air Analysis) Mode

After verifying proper analyzer operation withthe TEST mode, analyzeambient air samplesusing theON
STREAM mode.

1 Ensure that the TEST handle isin the OFF position.
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2. Inthe PARAMETERS menu, set measurement mode parametersaccording to siterequirements.
3. Selectthe ON STREAM modefromtheMAIN MENU and pressthe Ent button. Thisswitches
the compressor on, the zero signal is measured during thet,,,, time.
4. The SET OPTICAL BRIDGE TO POSITION I11 messagewill bedisplayed. Settheoptical
bridge handle to position |11 and press the Ent button.
5. On completion of the zero-signal measurement, the ON STREAM mode screen will appear:
SM ng/m?
S= (+/-)213
S= 209
10
Where:

S = Current value (ng/m?) corresponding to mercury concentration;

Si = Meanvalue corresponding to the value S averaged over the accumul ation time,
t

10 = Countdown in seconds fromt, ., to O;
SM = ON STREAM measurement mode;
ng/m?® = Measurement units

Thewarning message, ALARM, will bedisplayed if themercury concentrationexceedsthehigh
limit parameter.
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6. If the Ent button is pressed during ON STREAM operation, theunit switchesto PROTOCOL
mode. Thismodeisrecommended for determination of mercury vapor concentrationinindoor
air.

SM ng/m?
S= (+/-) 213
1 200
2 210
3 220
S= 209
S, = 210
R(%) = 10 10
Where:

S = Current value, which is the mercury vapor concentration in the pumped air;
Si = Mean value, the value S averaged over the accumulation time, t

10 = Countdown in seconds fromt, ., to O;

SM = ON STREAM measurement mode;

ng/mé® = Measurement units

1,2,3 = Three consecutive measurement results S1, S2, S3;

S,, = Resulting average value (S1+S2+S3)/3;

%R = Percent relative deviation of the three measurements
R(%) = 100* (max(S1,S2,S3) - min(S1,S2,S3)) /' S,, .

If S, islessthan the low limit parameter, arelative deviation value is not displayed.
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7.6

7.7

7. Toquitthismode, pressEsc. Theair pump switchesoff andtheanalyzer switchestotheMAIN
MENU.

HIGH CONCENTRATIONS Mode

TheHIGH CONCENTRATIONSmodeisintended for the determination of mercury vapor inatmospheric
air whenthe concentration exceeds500 ng/m®. Inthiscase, themercury vapor concentrationismeasured
inthesingle-path cell compartment withtheair pumpidling; air isexchanged by convectiononly. When
thismodeisselected, ascreensimilar tothat for the ON STREAM modeisdisplayed except for thename
of theoperationmode. For thismode, zero control isaccomplished by placingaclosed small cell inthe
compartment at theback panel of theanalyzer (Section 7.1.2). Thiscell should befilledwithair, which
hasmercury vapor concentration lessthan 500 ng/m?. If suchacell isunavailable, thezero signal canbe
measured using ambient outdoor air.

Operation with a Personal Computer
Thissection contains basic instructionsfor operating the analyzer with apersonal computer (PC). For

detailed procedures, refer to the separatemanual entitled“ Analyzer RA-915" User’ sManual: Operation
WithaPC".

1 Ensure that the RA-915" unit ison and is connected to the PC. Start running the RA-915"
program.

2. Select the AIR mode in the Main Menu. The Air Analysis screen will appear.

3. PresstheLAMPIGNITION buttononthefront panel of theanalyzer. Theanalyzer isnow ready
for operation.

NOTE: TheLOW INTENSITY warningintheupper right corner of the PC screenindicatesthat thelamp
radiation intensity isinsufficient for measurement. After pressingthe LAMP IGNITION button, this
warning will disappear and the operator should perform the following serviceability check:

1 Set the TEST handle to the OFF position.

2. Select the Test modebuttoninthe Air Analysisscreen onthe PC. Two black lineswill appear
on the graph and the current readings will be displayed.

3. Setthe TEST handletothe ON position. Thesigna (obtained whenthetest cell isinstalled) will
appear on the graph.

NOTE: If thesignal (obtained whenthetest cell wasinstal led) fall swithintheareabetween thetwo black
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lines, the unit is ready for measurements.
8.0 CALCULATIONS

TheRA-915" Mercury Analyzer isadirect reading instrument. Thereadingsaredisplayedin unitsof ng/m*and
encompass the range 20 to 20,000 ng/m? for ambient air.

9.0 QUALITY ASSURANCE/QUALITY CONTROL

The following general QA/QC procedures apply:

1 All data must be documented on field data sheets or in site logbooks.

2. Theinstrument must be operated according to the operatinginstructions supplied by the manufacturer,
unlessotherwisespecifiedinthework plan. Instrument checkout activitiesmust occur prior to operation
(section 7.3) and they must be documented.

3. TheTEST mode(section 7.4) and/or other proceduresmust be used to ensuretheaccuracy and precision
of mercury measurement inambient air by theLLumex RA-915* asspecified by themanufacturer. The%R
must be <25% and all verification procedures must be documented.

10.0 DATA VALIDATION

This section is not applicable to this SOP; however, the analyst will ensure that the analyzer was operated in
accordance with this SOP and that all operational checks have been completed and within the criterion specified.

11.0 HEALTH AND SAFETY
Whenworkingwith potentially hazardousmaterial s, refer to the United StatesEnvironmental Protection Agency
(U.S.EPA), Occupational Safety and Health Administration (OSHA), and corporate health and safety practices.
More specificaly, refer to REAC SOP #3013, REAC Laboratory Safety Program.

Theanalyst should consult all appropriate material safety datasheets(MSDS) prior to running ananalysisfor the
first time.

120 REFERENCES
Ohio Lumex Co., Inc., 2001. Mercury Analyzer RA-915+ User’s Manual.

Ohio Lumex Co., Inc., 2001. Analyzer RA-915+ User’s Manual: Operation With a PC.
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APPENDIX A
Figures
SOP #1729
August 2004
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FIGURE 1. View of the RA-915" Analyzer
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APPENDIX B
Maintenance, Troubleshooting, Storage, and Transportation
SOP #1729
August 2004
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MAINTENANCE, TROUBLESHOOTING, STORAGE, AND TRANSPORTATION

All themaintenance operationsshould berecorded intheanalyzer log. Daily inspectionisperformedinthework placeand
involves visual inspection of the analyzer and the serviceability check (TEST mode).

Routine preventive maintenance must be performed and includes the following:

. Checking screws and fasteners for covers;

. Checking condition of connectors and cables;

. Replacingtheair intakedust filter every threemonths (located intheair inlet onthefront wall of thebase
unit, see Section 7.1.1); and

. Replacingthebuilt-in absorptionfilter every six months (located intheright-handinlet onthefront wall

of the base unit, see Section 7.1.1).

For short-time storage, keep theanalyzer indoorsat anambient air temperature of 5-40 degrees Celsius(°C) withtherelative
humidity not exceeding 98 % at 30°C. Theair should not containany corrosiveimpurities. Chargetheanalyzer battery fully
prior to storage. For long-time storage, place the RA-915" in a polyethylene case.

Pack the analyzer securely in a suitable case prior to shipment. When shipping the unit, observe appropriate shipping
transportation regulations. Allow at least ten hours at normal temperature before unpacking the analyzer, if it has been
transported at temperatures below the freezing point.

All RA-915" repairsaswell asannual preventive maintenanceand calibration must be performed by authorized personnel.
Theunit must be shipped to the OhioL umex Co. factory servicecenter for repairsand annual preventive maintenance. User
troubleshooting for minor malfunctions is summarized in the table below:
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MAINTENANCE, TROUBLESHOOTING, STORAGE, AND TRANSPORTATION (continued)

Symptoms

Possible Cause

Troubleshooting Action

When switching the analyzer on,
segments of the indication and
display unit display (palm monitor)
are not highlighted.

Power Cableisout of order.
Display unit cableis out of order.

Battery is discharged.

Repair/replace the power cable.
Repair/replace the display unit cable.

Charge the battery.

The* symbol inthe MAIN MENU
does not go out when the “Lamp
Ignition” button is pressed:

- optical switch in position |

- optical switch in position |1

- optical switch in position 111

Battery is discharged.

Operation is possible only with
attachments.

The single-path cell is contaminated,
compartment windows are
contaminated, or foreign objects are
in the compartment.

Multi-path cell is contaminated.

Charge the battery.

Set the optical switch to position |1
or I1l.

Remove the single-path cell, check if
compartment windows are clean, and
ensure that there are no foreign
objects inside the compartment.

Clean the multi-path cell (see Lumex
RA-915" User's Manual).

The battery discharge indicator (red)
glows for some time and then goes
out when the analyzer is switched on.

The battery is fully discharged.

Charge the battery.

In TEST mode, the relative
deviation (R) exceeds the
specification (25 %).

Spectral lamp is not switched on.

Test cell switchisin idle position

(OFF).

Test cell isout of order.

Absorption filter has failed.

Press the lamp ignition button.

Set the test cell switch to working
position (ON).

Shake the test cell several times
using the (ON/OFF) switch.

Replace thefilter.

APPENDIX C
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Test Cell Mercury Concentration vs. Temperature
SOP #1729
August 2004
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TEST CELL MERCURY CONCENTRATION VS. TEMPERATURE

T(°C) S T(°C) S
1 320 21 1650
2 347 22 1791
3 377 23 1943
4 409 24 2109
5 445 25 2291
6 482 26 2485
7 524 27 2698
8 568 28 2929
9 616 29 3180
10 669 30 3451
1 727 31 3750
12 788 32 4060
13 856 33 4410
14 929 34 4790
15 1008 35 5200
16 1095 36 5640
17 1188 37 6130
18 1290 38 6650
19 1400 39 7220
20 1519 40 7835




